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The effect of magnetic domain boundaries displacement induced by electric field is observed in epitaxial ferrite 
garnet films (on substrates with the (210) crystallographic orientation). The effect is odd with respect to the electric 
field (the direction of wall displacement changes with the polarity of the voltage) and even with respect to the 
magnetization in domains.  The inhomogeneous magnetoelectric interaction as a possible mechanism of the effect is 
proposed.  
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The last few years marked the great progress in the field of magnetoelectric materials [1-
3]. The newly discovered ferroelectricity induced by spiral magnetic ordering [3-7] and early 
discovered inverse effects of electrically induced spin modulation [8-10] not only provide a 
deeper insight into the mechanisms of magnetoelectric coupling (the so-called inhomogeneous 
magnetoelectric interaction [9-11]) but also map out the route for electric control of 
micromagnetic structure in solids, the possibility predicted in 1980-ies [11] and still not realized.  
 The best candidates for the specific character of micromagnetism in magnetoelectric 
materials are thin films of ferrite garnets. From the one hand they are classical object to study 
micromagnetism, [12-15] from the other hand they exhibit a magnetoelectric effect that is an 
order of magnitude greater than the corresponding effect in the classical Cr2O3 magnetoelectric 
[16]. Electromagneto-optical effects on local areas of a ferrite-garnet film revealed that effect is 
vanishingly small in a homogeneously magnetized film but it increases drastically in the vicinity 
of domain walls. This effect was attributed to “breathing” of domain wall in electric field 
providing indirect evidence for the influence of electric field on micromagnetic structure [17].  
In this Letter we report on the direct magnetooptical observation of a new manifestation 
of the magnetoelectric effect, namely, the electric-field-control displacement of domain walls in 
ferrite garnet films, that is of interest from the fundamental point of view and opens up new 
possibilities for the development of multipurpose spintronic and magnetophotonic devices on a 
single material platform. 
In our experiments we used the 9.7-μm-thick epitaxial (BiLu)3(FeGa)5O12  ferrite garnet 
films grown on a Gd3Ga5O12 substrate with the (210) crystallographic orientation. The substrate 
thickness was about 0.5 mm. The period of the strip domain structure was 34.5μm, and the 
saturation magnetization was 4πMs= 53.5G. To produce a high-strength electric field in the 
dielectric ferrite garnet film, we used a 50μm-diameter copper wire with a pointed tip, which 
touched the surface of the sample (Fig. 1). The diameter of the tip of the copper “needle” was 
about 20 μm. This allowed us to obtain an electric field strength of up to 1500 kV/cm near the tip 
by supplying a voltage of up to 1500 V to the needle. The field caused no dielectric breakdown, 
because it decreased rapidly with distance from the needle and, near the grounding electrode (a 
metal foil attached to the substrate), did not exceed 600 V/cm. The absence of the possible 
leakage currents between the needle and the grounding electrode (e.g., over the sample surface) 
was verified by a milliampermeter. To observe the domain structure, the polarization method 
based on the Faraday effect was used. For the observation in transmitted light, a hole ~ 0.3 mm 
in diameter was made in the grounding electrode. The image of the magnetic structure was 
obtained using a CCD camera connected with a personal computer. 
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Fig. 1 Schematic representation of the geometry of the experiment and the configurations of the electric field and 
magnetization. The electric field (the field lines are shown by the dashed lines) is formed in the dielectric medium of 
the sample between the needle (1) and the metal foil (2),which plays the role of the grounding electrode. The 
maximum field strength (above 1 MV/cm) is reached in the magnetic film (3) near the tip; it decreases rapidly in the 
bulk of the substrate (4) and does not exceed 600 V/cm near the grounding electrode (2). The abscence of the 
leakage currents is controled with the milliampermeter (mA). The light (beams are denoted with wavy arrows) is 
incident along the normal to the surface. The objective lens (5) is placed behind the pinhole in the foil (2). The inset 
shows the magnetization distribution in the film: the domain wall (6) separates two domains (7, 8) with opposite 
magnetization directions; the tip (9) touches the ferrite garnet surface near the domain wall. 
 
 
In the experiment, we measured the static distribution of magnetization before and after 
the electric field was switched on. As a result, we obtained pairs of images for different voltage 
polarities and different  needle positions. In all of the series, when a dc voltage was applied 
between the needle and the substrate, we observed a local displacement of the domain wall near 
the tip (Fig. 2). The magnitude of the  displacement increased with voltage.  
We found three characteristic features of the phenomenon, which serve as the basis for 
our subsequent consideration.  
(i) The direction of the domain wall displacement depends on the polarity of the voltage 
(and, hence, on the direction of the electric field): in the case of positive polarity, the wall was 
attracted to the needle, and, in the case of negative polarity, it was repulsed.  
(ii) The direction of the wall displacement did not depend on the direction of 
magnetization in the domain (along the z axis or against it, see the inset in Fig. 1).  
(iii) The magnitude of the effect increased strongly with a decrease in the distance 
between the tip and the domain wall. The most pronounced effect was observed at a positive 
voltage, when the domain wall was pulled into the region of high electric field strength in the 
immediate vicinity of the point of contact of the needle and the surface (Fig. 2).  
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Fig. 2 The effect of electric field in the vicinity of electrode (1) on magnetic domain wall (2) in the films 
of ferrite garnets: a) initial state b) at the voltage of +1500 V applied 
 
The characteristic features listed above allow us to exclude the effects of non-
magnetoelectric nature that could lead to displacements of domain walls: the magnetic fields 
caused by possible leakage currents and the magnetostrictive phenomena caused by the pressure 
of the tip on the sample due to electrostatic attraction. Indeed, the dependence on the polarity of 
the voltage applied to the needle (feature (i)) allows us to exclude the effect of the tip pressure on 
the sample, because the tip polarizes the sample surface and is attracted to it irrespective of the 
sign of the potential at the needle; hence, the effect caused by the tip pressure should be 
independent of polarity. Feature (ii) testifies that, even in the presence of leakage currents, the 
effect cannot be related to the magnetic field generated by the electric currents, because, 
otherwise, the domain wall would be displaced in opposite directions for domains with opposite 
magnetization directions. Thus, features (i) and (ii) of the phenomenon under study allow us to 
conclude that the latter is of magnetoelectric nature. 
Concerning feature (i), it should be emphasized that because of the presence of an 
inversion center in the crystal symmetry group of bulk ferrite garnet samples only the effects that 
are proportional to even powers of electric field are possible, which manifests itself in quadratic 
magnetoelectric [18] and electromagnetooptic [19] effects. The dependence of the direction of 
the domain wall displacement on the electric polarity (the oddness of the effect with respect to 
electric field) testifies to the violation of the spatial inversion in films, unlike the case of bulk 
ferrite garnet samples.  
The third feature (iii), namely, the sharp increase in the magnitude of the effect observed 
when the domain wall is pulled closer to the tip, indicates that the electric field selectively acts 
on the regions with inhomogeneous magnetization, i.e., the domain walls. Indeed, in this case, 
the domain wall approaches the point of the needle-surface contact and comes into the region of 
high electric field strength (Fig. 1). If we dealt with a homogeneous magnetoelectric effect, the 
electric field would also act upon the regions of homogeneous magnetization, i.e., domains, by 
decreasing (or increasing) the domain over which the tip is positioned. In this case, one should 
expect an opposite behavior of the magnitude of the effect as a function of the tip–domain wall 
distance, because a displacement of the wall toward the needle would bring the neighboring 
domain into the region of high electric field strength as well. The fact that the needle selectively 
acts on the domain walls suggests that the phenomenon observed is a manifestation of the 
inhomogeneous magnetoelectric effect  related to micromagnetic inhomogeneities of the material 
[11,20]. 
lkjijklL MMF ∇⋅⋅⋅= iEγ ,  (1) 
where  M=M(r) is magnetization distribution, E is electric field,  is vector differential 
operator, 
∇
ijklγ  is the tensor of inhomogeneous magnetoelectric that is determined by the 
symmetry of the crystal. One can learn imediately from the equation (1) that the effect is odd in 
electric field E, and doesn’t change the sign with magnetization M reversal, that agrees with the 
main features of the effect. It follows from (1) that effect is selective to the magnetic 
inhomogeneities, i.e. it influences on the domain walls rather than domain itselves. This property 
agrees with the enhancement of the effect observed when the wall was drawn in the region of the 
contact where the electric field strength was maximal.  
   The influence of the inhomogeneous magnetoelectric effect on the domain walls is the 
stronger, the greater components of magnetoelectric interaction tensor γˆ  and the smaller the 
characteristic size of magnetic inhomogeneity Δ are in the given material. The components of 
tensor γˆ  can be estimated from Eq. (1) and from the condition of the equality of the 
magnetoelectric and magnetostatic energies with the use of the known magnetic field parameters 
and experimental data: the saturation magnetization Ms= 53.5 G, the domain wall width Δ= 100 
nm, the electric field E=1MV/cm = 3.3 103CGS, and the volume density of magnetostatic energy 
Fm–st=0.1 erg/cm3 (estimated from the deflection of the domain wall) [12]. The value obtained for 
the inhomogeneous magnetoelectric interaction tensor components are γ~10-9 CGS (for 
comparison, a similar constant for the effect that gives rise to spatially modulated spin structures 
in bismuth ferrite [10] is γ=10-11 CGS). 
Despite the fact that all the features of the effect testify that the observed phenomenon is 
caused by the inhomogeneous magnetoelectric interaction in the ferrite garnet material [11,20], 
we cannot completely exclude the mechanism determined by the local anisotropy variation due 
to mechanical stress associated with the piezoelectric effect. To distinguish between these 
mechanisms with better accuracy, additional studies are necessary, for example, the study of the 
effect as a function of the characteristic size of micromagnetic inhomogeneities and dependence 
on the direction of the electric field. 
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